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Comparative Analysis of the Anti-inflammatory 
Effects of E-MTA, Ketac-E, and Sealapex on 
Human Periodontal Ligament Stem Cells

ABSTRACT

Background: Root Canal Treatments play a critical role in managing periapical and pulp diseases, 
but failure to control the inflammation may result in treatment failure. Newer developments have 
targeted anti-inflammatory bioactive sealers as potential contenders. The objective of this study was 
to explore the anti-inflammatory potential of Endoseal E-MTA (E-MTA), Ketac-Endo (Ketac-E), and 
Sealapex (S-apex) on cultured Human periodontal ligament stem cells.

Methods: After Study approval (BMU-EC/06-2022) from Baqai Medical University Karachi, this study 
was conducted from September 2022 to February 2023. Three Sealers as commercially available 
products were used on the cultured hPDLSCs via in-vitro experiments and treated with serial 
concentrations of 20ul, 40ul, and 60ul respectively to perform MTT 
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] cell viability assay. Expression profiling 
via Real Time-PCR of anti-inflammatory biometers was determined via RNA extract from 24h MTT 
assay due to its greater reproducibility. While data were subjected to statistical analysis (ANOVA 
Testing) to compare the effectiveness of each sealer using SPPS version 22 with significant 
p-value<0.05. 

Results: E-MTA elicits a noticeably enhanced production of IL-10 (2.97 fold) and TGF-β (3.12 fold) 
levels than its parent compound MTA, demonstrating enhanced anti-inflammatory and 
immunomodulatory potential while Ketac-Endo and Sealapex showed lesser relative gene fold 
values.

Conclusion: It has been concluded that E-MTA exhibits more enhanced bioactivity and capacity to 
improve the RCT outcome due to reduced inflammation and increased tissue regeneration than 
Ketac-Endo and Sealapex. 

Keywords:Endoseal MTA, Ketac-Endo, Sealapex, IL-10, TGF-Β, Tissue Repair.

Corresponding Author:
Ehsan Ul Haq,
School of Biochemistry, 
Free University of Berlin, Germany
Email; ahsanulhaqkhan33@gmail.com
Doi: https://doi.org/10.36283/ziun-pjmd14-1/019

How to cite: Imtiaz A, Nayyar K, Akhtar K, Ali MY, Kumar N, Haq EU Comparative Analysis of the 
Anti-inflammatory Effects of E-MTA, Ketac-E, and Sealapex on Human Periodontal Ligament Stem 
Cells. Pak J Med Dent. 2025 Jan ;14(1): 121-127. Doi: https://doi.org/10.36283/ziun-pjmd14-1/019.

Received: Thu, November 21, 2024 Accepted: Mon, December 23, 2024 Published: Fri, January 10, 
2025

Ayesha Imtiaz1, Kiran Nayyar2, Khadija Akhtar3, Muhammad Yousuf Ali4, Naresh Kumar5, Ehsan Ul Haq6 
1Department of Science of Dental Materials, Baqai Medical University, Karachi, Pakistan, 2Department Oral Pathology, de 
Montmorency College of Dentistry, Lahore, Pakistan, 3Department of Operative Dentistry, Institute of Dentistry, CMH 
Lahore Medical College, Pakistan, 4Department of Dental Materials, Karachi Medical and Dental College (KMU), Pakistan, 
5Department of Operative Dentistry Bhatia Dental and Medical College Mirpur Khas Sindh, Pakistan,6School of 
Biochemistry, Free University of Berlin, Germany. 

This is an open-access article distributed under the terms of the CreativeCommons Attribution License (CC BY) 4.0 
https://creativecommons.org/licenses/by/4.0/

DISCUSSION
In this study, three commercially available 
endodontic sealers (E-MTA, Ketac-E, and S-apex) 
were evaluated for their anti-inflammatory potential 
These biomarkers are important for immune regula-
tion, inflammation modulation, and tissue repair, 
and this biomarker framework offers a crucial frame-
work for the bio-functional characterization of 
endodontic materials 12. These findings showed that 
E-MTA upregulated gene expression of TGF-β (3.12 
fold) and IL-10 (2.97 fold) compared to control, 
demonstrating superior anti-inflammatory and 
immunomodulatory properties. In comparison, 
Ketac-E showed moderate upregulation for TGF-β 
(1.7 fold) and IL-10 (1.8 fold) expression while S-apex 
demonstrated the least upregulation of 1.4-fold, 
and 1.7-fold for TGF-β and IL-10 respectively. These 
findings demonstrate the sealers' differential bioac-
tivity and emphasize potential E-MTA clinical 
regimens to promote a favorable healing environ-
ment during root canal therapy13.

TGF-β plays a double role in inflammation and tissue 
repair. It is a key regulating molecule that directs 
cellular response, inducing extracellular matrix 
deposition while suppressing inflammatory effects 
by activating immune cells and promoting tissue 
repair by modulating fibroblast activity14. E-MTA had 
significant upregulation of TGF-β suggesting that it 
can promote tissue healing processes with little 
inflammation, which is consistent with previous 
studies describing biocompatibility and bioactivity 
15. This property is of particular benefit in endodontic 
treatment, especially where a controlled inflamma-
tory response is essential for the resolution of periapi-
cal lesions, and regeneration of damaged tissue 16. 
IL-10 also causes a major type of inhibition that 
suppresses the generation of pro-inflammatory 
mediators and stabilizes tissues 17. This is further 
highlighted by the substantial upregulation of IL-10 
by E-MTA. E-MTA could effectively decrease the risk 
of persistent inflammation by increasing IL-10 expres-
sion. On the other hand, the relatively lower expres-
sion of IL-10 by Ketac-E and S-apex indicated the 
limited inflammation-suppressing potential. It there-
fore may impact the overall clinical efficacy of 
these materials 18.

Differences in composition may explain why Ketac-E 
and S-apex performed less in upregulating TGF-β 
and IL-10 than E-MTA 19. Mineral trioxide aggregate 
present in E-MTA is known to be superior because of 
its biocompatibility and ability to release bioactive 
ions that interact with cellular pathways 20. Glass 
ionomer-based Ketac-E sealer and S-apex contain-
ing calcium hydroxide do not display the extensive 
bioactive ion release characteristic of E-MTA, and 
may therefore be limited in their ability to influence 
anti-inflammatory gene expression 21. The major 
determinant of the clinical effectiveness of 

endodontic sealers is their capacity to modulate the 
inflammatory process and favor tissue repair 22. 
Results also suggested that bioactive sealers like 
E-MTA could be utilized as a material having extend-
ed functionality beyond sealing capacity, providing 
features of intervening in cellular responses and 
improving treatment outcomes. In this study, the 
reliability of the experimental design and outcome 
was further validated with the optimized use of 
positive controls. These findings were also consistent 
across replicates and indicated the robustness of 
the study highlighting the potential clinical implica-
tions of these results. The ability of E-MTA to dramati-
cally upregulate TGF-β and IL-10 indicates its poten-
tial as a superior therapy which is tuned to inhibit 
post-treatment inflammation and enhance tissue 
regneration23.
 
Although the results are promising, some study 
limitations are worth noting. The in vitro design 
enables a control environment for experimentation 
but may not replicate the complex in vivo environ-
ment 24. The long-term effects on inflammation and 
tissue healing should be assessed, by validating 
them in animal models and clinical settings 25,26. 
Finally, the molecular mechanisms that underlie the 
bioactivity of E-MTA by modulating TGF-β and IL-10 
expression could be explored deeply. Overall, this 
study showed superior anti-inflammatory and bioac-
tive properties of E–MTA versus Ketac–E and S–apex, 
with its enhanced activity of TGFβ and IL10 upregu-
lation in hPDLSCs.
 
CONCLUSION
This study concluded that the endodontic sealers 
(commercial products) can affect the regulation of 
TGF-β and IL-10 in HPDLSCs: E-MTA is more bioactive 
and immunomodulatory than Ketac-E and S-apex. 
These studies imply that the using E-MTA might great-
ly improve patient benefits by accelerating the rate 
of tissue regeneration and decreasing inflammation 
in endodontic procedures. However, if these bene-
fits are to translate into practice, several issues must 
be considered, including; cost, accessibility, and 
familiarity of the practitioners. Other studies will be 
required to elucidate sealer bioactivity and 
biomarker-based assessments to tailor the materials 
of choice and enhance the effectiveness in the 
treatment of endodontic diseases.
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INTRODUCTION
Oral health is a cornerstone to overall well-being and 
influences basic aspects of every day such as the 
ability to eat, speak, and engage socially. Despite 
tremendous advancements in dental care, conditions 
like periapical and pulp diseases remain global public 
health problems resulting in painful and poor oral 
health experiences1. To address these conditions, root 
canal treatment (RCT) continues to serve as a gold 
standard, to eradicate infections, reduce inflamma-
tion and prevent loss of natural teeth2. However, 
uncontrolled inflammation can lead to treatment 
failures causing recurrent infections and longer recov-
ery times. Thus, new and more effective therapeutic 
strategies are urgently needed to optimize outcomes3.

The selection of an endodontic sealer for the RCT is a 
crucial step for making the procedure successful. 
Sealers have traditionally been evaluated on how well 
they seal, how biologically compatible they are, and 
their mechanical characteristics 4. While these param-
eters remain important, recent work has underscored 
the necessity to evaluate sealers for their capability to 
modulate inflammation and facilitate tissue repair. By 
extending the functional landscape of endodontic 
materials, bioactive sealers have the potential to offer 
anti-inflammatory and regenerative properties that 
could potentially enhance clinical outcomes5. 
Amongst the recent advancements, endodontic 
sealers such as Endoseal MTA (E-MTA), Ketac Endo 
(Ketac-E), and Sealapex, (S-apex) have caught a lot 
of attention for their biological effects on periapical 
tissues6. The unique properties of these sealers are 
exhibited due to the presence of primary components 
used in each sealer 7. Although E-MTA displayed some 
favorable effects in modulating inflammatory 
cytokines, the role of these sealers in modulating other 
aspects of the immune response is not sufficiently 
explored8. Interleukins are inflammation and tissue 
wound repair 9,10.

TGF-β helps in tissue repair, and fibrosis and affects 
immune responses by inhibiting immune cells from 
activating. In the context of endodontic treatments, 
these biomarkers are both important for insights into 
the potential therapeutic benefits of sealers in reduc-
ing inflammation and promoting healing11. Human 
periodontal ligament stem cells (HPDLSCs) are mesen-
chymal stem cells derived from the periodontal 
ligament, known for their regenerative potential in 
periodontal tissue repair. Despite these progresses, 
very little data is available that compares the effect of 
E-MTA, Ketac-E, and S-apex on IL-10 and TGF-β expres-
sion. This comparison is important because it will 
enable clinicians to make informed choices about 
materials that improve biological and clinical 
outcomes.
 
The study aimed to evaluate the ability of E-MTA, 
Ketac-E, and S-apex to modulate inflammation and 

promote tissue repair by assessing the expression of 
IL-10 and TGF-β. This will determine which endodontic 
sealer has a favorable recovery profile.

METHODS
Under institutional ethics approval (BMU-EC/06-2022), 
from September 2022 to February 2023, this study 
included in-vitro experiments based on cell culture 
and their treatments. It was conducted in collabora-
tion with Baqai Medical University Karachi, de Mont-
morency College of Dentistry, Lahore, and Karachi 
Medical University Pakistan possessing distinct experi-
mental and statistical analysis responsibilities. Com-
mercially available root canal sealers such as E-MTA, 
Ketac-E, and S-apex, were used and prepared as per 
their manufacturers' protocols. Extracted human teeth 
were used to evaluate the efficacy of the sealers. Only 
sound teeth without significant decay were selected, 
and they were stored in a sterile saline solution to main-
tain hydration and prevent contamination before the 
experiment. This ensured standardized conditions for 
testing interactions with HPDLSCs. The Human 
periodontal ligament stem cells HPDLSCs were 
obtained from the cell culture laboratory of the Univer-
sity of Lahore and transported in culture media with 
standard SOPs of incubation and growth temperature. 
HPDLSCs were sub-cultured in 100 mm dishes at 27°C 
with α-Modified Eagle medium (α-MEM) and 2-mer-
captoethanol. Fresh serial dilutions in this medium were 
prepared for each experimental treatment before 
using the sealers to ensure accuracy and consistency. 
Stock solution was prepared and reconstituted for 
each sealer to give final working concentrations of 20, 
40, and 60 µg/ml. These were applied to hPDLSCs 
plated at the density of 10,000 cells/well in 100 µL of 
medium in 96 well plates. Then the plates were 
incubated at 37°C in a humidified atmosphere with 5 
% CO2. Cell viability was measured with the MTT assay, 
with 10 µL of the MTT solution (10 mg/ml in phos-
phate-buffered saline) added to each well after 24 
and 48 hours of treatment.
 
After treatment, total RNA was extracted from the cells 
and subjected to biomarker analysis. cDNA synthesis 
was performed using Thermo Fisher Scientific reagent 
protocol (AM7832) and a sample was also analyzed 
for RNA quality and concentration (ng/µL). IL-10 and 
TGF -β expression were evaluated using quantitative 
PCR (qPCR). The extracted RNA from the desired 
samples was analyzed for its purity and integrity by 
performing nanodrop 2000/2000c, which were 
observed through nanodrop software i.e. Nanodrop 
ND-1000 Spectrophotometer. cDNA was synthesized 
using a Thermo scientific kit (Catalogue # K1622, 
Thermo Fisher Scientific, USA), and the primers were 
designed on serial cloner by taking the consensus CDS 
sequence of required genes from NCBI. CDS consen-
sus sequences from the NCBI database were used to 
create specific primers for these biomarkers.
 

Gradient PCR optimization was also performed to 
determine the best reaction conditions and the 
in-silico validation was performed using UCSF Genome 
Browser. This protocol was designed to define the 
differential influence of EMTA, Ketac-E, and S-apex on 
IL10 and TGF β expression, to ascertain their ability to 
regulate inflammation and promote tissue healing in 
periodontal ligament stem cells. Intergroup stats were 

inferred at p-values (<0.05 as significant) by using 
ANOVA (one-way) testing using SPSS version 22.

RESULTS
The primer sequences were confirmed by doing 
In-Silico PCR on the UCSC Genome Browser. The list of 
designed primers is given in (Table 1).

DISCUSSION
In this study, three commercially available 
endodontic sealers (E-MTA, Ketac-E, and S-apex) 
were evaluated for their anti-inflammatory potential 
These biomarkers are important for immune regula-
tion, inflammation modulation, and tissue repair, 
and this biomarker framework offers a crucial frame-
work for the bio-functional characterization of 
endodontic materials 12. These findings showed that 
E-MTA upregulated gene expression of TGF-β (3.12 
fold) and IL-10 (2.97 fold) compared to control, 
demonstrating superior anti-inflammatory and 
immunomodulatory properties. In comparison, 
Ketac-E showed moderate upregulation for TGF-β 
(1.7 fold) and IL-10 (1.8 fold) expression while S-apex 
demonstrated the least upregulation of 1.4-fold, 
and 1.7-fold for TGF-β and IL-10 respectively. These 
findings demonstrate the sealers' differential bioac-
tivity and emphasize potential E-MTA clinical 
regimens to promote a favorable healing environ-
ment during root canal therapy13.

TGF-β plays a double role in inflammation and tissue 
repair. It is a key regulating molecule that directs 
cellular response, inducing extracellular matrix 
deposition while suppressing inflammatory effects 
by activating immune cells and promoting tissue 
repair by modulating fibroblast activity14. E-MTA had 
significant upregulation of TGF-β suggesting that it 
can promote tissue healing processes with little 
inflammation, which is consistent with previous 
studies describing biocompatibility and bioactivity 
15. This property is of particular benefit in endodontic 
treatment, especially where a controlled inflamma-
tory response is essential for the resolution of periapi-
cal lesions, and regeneration of damaged tissue 16. 
IL-10 also causes a major type of inhibition that 
suppresses the generation of pro-inflammatory 
mediators and stabilizes tissues 17. This is further 
highlighted by the substantial upregulation of IL-10 
by E-MTA. E-MTA could effectively decrease the risk 
of persistent inflammation by increasing IL-10 expres-
sion. On the other hand, the relatively lower expres-
sion of IL-10 by Ketac-E and S-apex indicated the 
limited inflammation-suppressing potential. It there-
fore may impact the overall clinical efficacy of 
these materials 18.

Differences in composition may explain why Ketac-E 
and S-apex performed less in upregulating TGF-β 
and IL-10 than E-MTA 19. Mineral trioxide aggregate 
present in E-MTA is known to be superior because of 
its biocompatibility and ability to release bioactive 
ions that interact with cellular pathways 20. Glass 
ionomer-based Ketac-E sealer and S-apex contain-
ing calcium hydroxide do not display the extensive 
bioactive ion release characteristic of E-MTA, and 
may therefore be limited in their ability to influence 
anti-inflammatory gene expression 21. The major 
determinant of the clinical effectiveness of 

endodontic sealers is their capacity to modulate the 
inflammatory process and favor tissue repair 22. 
Results also suggested that bioactive sealers like 
E-MTA could be utilized as a material having extend-
ed functionality beyond sealing capacity, providing 
features of intervening in cellular responses and 
improving treatment outcomes. In this study, the 
reliability of the experimental design and outcome 
was further validated with the optimized use of 
positive controls. These findings were also consistent 
across replicates and indicated the robustness of 
the study highlighting the potential clinical implica-
tions of these results. The ability of E-MTA to dramati-
cally upregulate TGF-β and IL-10 indicates its poten-
tial as a superior therapy which is tuned to inhibit 
post-treatment inflammation and enhance tissue 
regneration23.
 
Although the results are promising, some study 
limitations are worth noting. The in vitro design 
enables a control environment for experimentation 
but may not replicate the complex in vivo environ-
ment 24. The long-term effects on inflammation and 
tissue healing should be assessed, by validating 
them in animal models and clinical settings 25,26. 
Finally, the molecular mechanisms that underlie the 
bioactivity of E-MTA by modulating TGF-β and IL-10 
expression could be explored deeply. Overall, this 
study showed superior anti-inflammatory and bioac-
tive properties of E–MTA versus Ketac–E and S–apex, 
with its enhanced activity of TGFβ and IL10 upregu-
lation in hPDLSCs.
 
CONCLUSION
This study concluded that the endodontic sealers 
(commercial products) can affect the regulation of 
TGF-β and IL-10 in HPDLSCs: E-MTA is more bioactive 
and immunomodulatory than Ketac-E and S-apex. 
These studies imply that the using E-MTA might great-
ly improve patient benefits by accelerating the rate 
of tissue regeneration and decreasing inflammation 
in endodontic procedures. However, if these bene-
fits are to translate into practice, several issues must 
be considered, including; cost, accessibility, and 
familiarity of the practitioners. Other studies will be 
required to elucidate sealer bioactivity and 
biomarker-based assessments to tailor the materials 
of choice and enhance the effectiveness in the 
treatment of endodontic diseases.
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INTRODUCTION
Oral health is a cornerstone to overall well-being and 
influences basic aspects of every day such as the 
ability to eat, speak, and engage socially. Despite 
tremendous advancements in dental care, conditions 
like periapical and pulp diseases remain global public 
health problems resulting in painful and poor oral 
health experiences1. To address these conditions, root 
canal treatment (RCT) continues to serve as a gold 
standard, to eradicate infections, reduce inflamma-
tion and prevent loss of natural teeth2. However, 
uncontrolled inflammation can lead to treatment 
failures causing recurrent infections and longer recov-
ery times. Thus, new and more effective therapeutic 
strategies are urgently needed to optimize outcomes3.

The selection of an endodontic sealer for the RCT is a 
crucial step for making the procedure successful. 
Sealers have traditionally been evaluated on how well 
they seal, how biologically compatible they are, and 
their mechanical characteristics 4. While these param-
eters remain important, recent work has underscored 
the necessity to evaluate sealers for their capability to 
modulate inflammation and facilitate tissue repair. By 
extending the functional landscape of endodontic 
materials, bioactive sealers have the potential to offer 
anti-inflammatory and regenerative properties that 
could potentially enhance clinical outcomes5. 
Amongst the recent advancements, endodontic 
sealers such as Endoseal MTA (E-MTA), Ketac Endo 
(Ketac-E), and Sealapex, (S-apex) have caught a lot 
of attention for their biological effects on periapical 
tissues6. The unique properties of these sealers are 
exhibited due to the presence of primary components 
used in each sealer 7. Although E-MTA displayed some 
favorable effects in modulating inflammatory 
cytokines, the role of these sealers in modulating other 
aspects of the immune response is not sufficiently 
explored8. Interleukins are inflammation and tissue 
wound repair 9,10.

TGF-β helps in tissue repair, and fibrosis and affects 
immune responses by inhibiting immune cells from 
activating. In the context of endodontic treatments, 
these biomarkers are both important for insights into 
the potential therapeutic benefits of sealers in reduc-
ing inflammation and promoting healing11. Human 
periodontal ligament stem cells (HPDLSCs) are mesen-
chymal stem cells derived from the periodontal 
ligament, known for their regenerative potential in 
periodontal tissue repair. Despite these progresses, 
very little data is available that compares the effect of 
E-MTA, Ketac-E, and S-apex on IL-10 and TGF-β expres-
sion. This comparison is important because it will 
enable clinicians to make informed choices about 
materials that improve biological and clinical 
outcomes.
 
The study aimed to evaluate the ability of E-MTA, 
Ketac-E, and S-apex to modulate inflammation and 

promote tissue repair by assessing the expression of 
IL-10 and TGF-β. This will determine which endodontic 
sealer has a favorable recovery profile.

METHODS
Under institutional ethics approval (BMU-EC/06-2022), 
from September 2022 to February 2023, this study 
included in-vitro experiments based on cell culture 
and their treatments. It was conducted in collabora-
tion with Baqai Medical University Karachi, de Mont-
morency College of Dentistry, Lahore, and Karachi 
Medical University Pakistan possessing distinct experi-
mental and statistical analysis responsibilities. Com-
mercially available root canal sealers such as E-MTA, 
Ketac-E, and S-apex, were used and prepared as per 
their manufacturers' protocols. Extracted human teeth 
were used to evaluate the efficacy of the sealers. Only 
sound teeth without significant decay were selected, 
and they were stored in a sterile saline solution to main-
tain hydration and prevent contamination before the 
experiment. This ensured standardized conditions for 
testing interactions with HPDLSCs. The Human 
periodontal ligament stem cells HPDLSCs were 
obtained from the cell culture laboratory of the Univer-
sity of Lahore and transported in culture media with 
standard SOPs of incubation and growth temperature. 
HPDLSCs were sub-cultured in 100 mm dishes at 27°C 
with α-Modified Eagle medium (α-MEM) and 2-mer-
captoethanol. Fresh serial dilutions in this medium were 
prepared for each experimental treatment before 
using the sealers to ensure accuracy and consistency. 
Stock solution was prepared and reconstituted for 
each sealer to give final working concentrations of 20, 
40, and 60 µg/ml. These were applied to hPDLSCs 
plated at the density of 10,000 cells/well in 100 µL of 
medium in 96 well plates. Then the plates were 
incubated at 37°C in a humidified atmosphere with 5 
% CO2. Cell viability was measured with the MTT assay, 
with 10 µL of the MTT solution (10 mg/ml in phos-
phate-buffered saline) added to each well after 24 
and 48 hours of treatment.
 
After treatment, total RNA was extracted from the cells 
and subjected to biomarker analysis. cDNA synthesis 
was performed using Thermo Fisher Scientific reagent 
protocol (AM7832) and a sample was also analyzed 
for RNA quality and concentration (ng/µL). IL-10 and 
TGF -β expression were evaluated using quantitative 
PCR (qPCR). The extracted RNA from the desired 
samples was analyzed for its purity and integrity by 
performing nanodrop 2000/2000c, which were 
observed through nanodrop software i.e. Nanodrop 
ND-1000 Spectrophotometer. cDNA was synthesized 
using a Thermo scientific kit (Catalogue # K1622, 
Thermo Fisher Scientific, USA), and the primers were 
designed on serial cloner by taking the consensus CDS 
sequence of required genes from NCBI. CDS consen-
sus sequences from the NCBI database were used to 
create specific primers for these biomarkers.
 

Gradient PCR optimization was also performed to 
determine the best reaction conditions and the 
in-silico validation was performed using UCSF Genome 
Browser. This protocol was designed to define the 
differential influence of EMTA, Ketac-E, and S-apex on 
IL10 and TGF β expression, to ascertain their ability to 
regulate inflammation and promote tissue healing in 
periodontal ligament stem cells. Intergroup stats were 

inferred at p-values (<0.05 as significant) by using 
ANOVA (one-way) testing using SPSS version 22.

RESULTS
The primer sequences were confirmed by doing 
In-Silico PCR on the UCSC Genome Browser. The list of 
designed primers is given in (Table 1).

Target Gene Primer Sequences 
 
TGF-  

Forward:  5’GCGAATCAATGGACTCTGG3’  
Reverse:   5’GACATCTGTACCAGACCGAG3’  

 
IL-10 

Forward:  5’GAAGGAGCTGCTCTTCCGA3’  
Reverse:   5’GAGCATGACCCTGTAGGC3’  

The RT-qPCR was optimized according to each primer's annealing temperatures (Tm). Conditions for the 
three major steps of RT-qPCR, consisting of denaturation, annealing, and extension were set according to 
each primer as shown below in Figure 1. 

Figure 1: RT-qPCR Protocol 

Both adherent, untreated HPDLSCs cells presented spindle-shaped morphology when observed under a 
microscope with a 10x lens. Morphological features are shown in Fig 2(A) Treated cells and 2(B) Untreated 
Cells. Untreated HPDLSCs exhibit spindle-shaped fibroblast-like morphology with uniform alignment and 
consistent cell-cell linking. Treated cells often show altered morphology, such as increased spreading, stress 
fiber formation, and irregular cytoskeletal organization. Treatment may disrupt uniform cellular linking and 
affect adhesion properties by causing cytotoxicity to cellular metabolic machinery. 

Table 1: Primer Sequences Selected Biomarkers 

DISCUSSION
In this study, three commercially available 
endodontic sealers (E-MTA, Ketac-E, and S-apex) 
were evaluated for their anti-inflammatory potential 
These biomarkers are important for immune regula-
tion, inflammation modulation, and tissue repair, 
and this biomarker framework offers a crucial frame-
work for the bio-functional characterization of 
endodontic materials 12. These findings showed that 
E-MTA upregulated gene expression of TGF-β (3.12 
fold) and IL-10 (2.97 fold) compared to control, 
demonstrating superior anti-inflammatory and 
immunomodulatory properties. In comparison, 
Ketac-E showed moderate upregulation for TGF-β 
(1.7 fold) and IL-10 (1.8 fold) expression while S-apex 
demonstrated the least upregulation of 1.4-fold, 
and 1.7-fold for TGF-β and IL-10 respectively. These 
findings demonstrate the sealers' differential bioac-
tivity and emphasize potential E-MTA clinical 
regimens to promote a favorable healing environ-
ment during root canal therapy13.

TGF-β plays a double role in inflammation and tissue 
repair. It is a key regulating molecule that directs 
cellular response, inducing extracellular matrix 
deposition while suppressing inflammatory effects 
by activating immune cells and promoting tissue 
repair by modulating fibroblast activity14. E-MTA had 
significant upregulation of TGF-β suggesting that it 
can promote tissue healing processes with little 
inflammation, which is consistent with previous 
studies describing biocompatibility and bioactivity 
15. This property is of particular benefit in endodontic 
treatment, especially where a controlled inflamma-
tory response is essential for the resolution of periapi-
cal lesions, and regeneration of damaged tissue 16. 
IL-10 also causes a major type of inhibition that 
suppresses the generation of pro-inflammatory 
mediators and stabilizes tissues 17. This is further 
highlighted by the substantial upregulation of IL-10 
by E-MTA. E-MTA could effectively decrease the risk 
of persistent inflammation by increasing IL-10 expres-
sion. On the other hand, the relatively lower expres-
sion of IL-10 by Ketac-E and S-apex indicated the 
limited inflammation-suppressing potential. It there-
fore may impact the overall clinical efficacy of 
these materials 18.

Differences in composition may explain why Ketac-E 
and S-apex performed less in upregulating TGF-β 
and IL-10 than E-MTA 19. Mineral trioxide aggregate 
present in E-MTA is known to be superior because of 
its biocompatibility and ability to release bioactive 
ions that interact with cellular pathways 20. Glass 
ionomer-based Ketac-E sealer and S-apex contain-
ing calcium hydroxide do not display the extensive 
bioactive ion release characteristic of E-MTA, and 
may therefore be limited in their ability to influence 
anti-inflammatory gene expression 21. The major 
determinant of the clinical effectiveness of 

endodontic sealers is their capacity to modulate the 
inflammatory process and favor tissue repair 22. 
Results also suggested that bioactive sealers like 
E-MTA could be utilized as a material having extend-
ed functionality beyond sealing capacity, providing 
features of intervening in cellular responses and 
improving treatment outcomes. In this study, the 
reliability of the experimental design and outcome 
was further validated with the optimized use of 
positive controls. These findings were also consistent 
across replicates and indicated the robustness of 
the study highlighting the potential clinical implica-
tions of these results. The ability of E-MTA to dramati-
cally upregulate TGF-β and IL-10 indicates its poten-
tial as a superior therapy which is tuned to inhibit 
post-treatment inflammation and enhance tissue 
regneration23.
 
Although the results are promising, some study 
limitations are worth noting. The in vitro design 
enables a control environment for experimentation 
but may not replicate the complex in vivo environ-
ment 24. The long-term effects on inflammation and 
tissue healing should be assessed, by validating 
them in animal models and clinical settings 25,26. 
Finally, the molecular mechanisms that underlie the 
bioactivity of E-MTA by modulating TGF-β and IL-10 
expression could be explored deeply. Overall, this 
study showed superior anti-inflammatory and bioac-
tive properties of E–MTA versus Ketac–E and S–apex, 
with its enhanced activity of TGFβ and IL10 upregu-
lation in hPDLSCs.
 
CONCLUSION
This study concluded that the endodontic sealers 
(commercial products) can affect the regulation of 
TGF-β and IL-10 in HPDLSCs: E-MTA is more bioactive 
and immunomodulatory than Ketac-E and S-apex. 
These studies imply that the using E-MTA might great-
ly improve patient benefits by accelerating the rate 
of tissue regeneration and decreasing inflammation 
in endodontic procedures. However, if these bene-
fits are to translate into practice, several issues must 
be considered, including; cost, accessibility, and 
familiarity of the practitioners. Other studies will be 
required to elucidate sealer bioactivity and 
biomarker-based assessments to tailor the materials 
of choice and enhance the effectiveness in the 
treatment of endodontic diseases.
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A) B)

Figure 2: Microscopic Observation of Spindle-Shaped Morphology in Treated and Untreated 
HPDLSCs. 

This study aimed to examine gene expression based on the anti-inflammatory potential of endodontic sealers 
when cultured HPDLSCs were treated with serial concentrations of compounds. Relative gene fold was noted 
as shown in (Table 2). 

Table 2: Relative Gene Fold of Endodontic Materials 

TGF-B IL-10 P-value 

Endodontic 
Sealers 

Relative Gene fold Relative Gene fold 

E-MTA 3.12 2.97 0.001 
Ketac-E 1.7 1.8  0.05 

S-apex 1.4 1.7  0.05 

Our studies found that the E-MTA extract upregulated the expression of selected biomarkers. Conversely, the 
Ketac-E and S-apex were under-expressed compared with the cisplatin control (Relative gene fold 1.0), as 
shown in Fig 3. 

Fig:3 Expression profiling of endodontic sealers. There was a significant increase in anti-inflammatory 
(TNF-  and IL-10) (* p  0.05; ** p  0.01; *** p  0.001). Expression analysis was performed based on the 
bio-functionality assessment of endodontic sealers and optimized by positive controls. 

DISCUSSION
In this study, three commercially available 
endodontic sealers (E-MTA, Ketac-E, and S-apex) 
were evaluated for their anti-inflammatory potential 
These biomarkers are important for immune regula-
tion, inflammation modulation, and tissue repair, 
and this biomarker framework offers a crucial frame-
work for the bio-functional characterization of 
endodontic materials 12. These findings showed that 
E-MTA upregulated gene expression of TGF-β (3.12 
fold) and IL-10 (2.97 fold) compared to control, 
demonstrating superior anti-inflammatory and 
immunomodulatory properties. In comparison, 
Ketac-E showed moderate upregulation for TGF-β 
(1.7 fold) and IL-10 (1.8 fold) expression while S-apex 
demonstrated the least upregulation of 1.4-fold, 
and 1.7-fold for TGF-β and IL-10 respectively. These 
findings demonstrate the sealers' differential bioac-
tivity and emphasize potential E-MTA clinical 
regimens to promote a favorable healing environ-
ment during root canal therapy13.

TGF-β plays a double role in inflammation and tissue 
repair. It is a key regulating molecule that directs 
cellular response, inducing extracellular matrix 
deposition while suppressing inflammatory effects 
by activating immune cells and promoting tissue 
repair by modulating fibroblast activity14. E-MTA had 
significant upregulation of TGF-β suggesting that it 
can promote tissue healing processes with little 
inflammation, which is consistent with previous 
studies describing biocompatibility and bioactivity 
15. This property is of particular benefit in endodontic 
treatment, especially where a controlled inflamma-
tory response is essential for the resolution of periapi-
cal lesions, and regeneration of damaged tissue 16. 
IL-10 also causes a major type of inhibition that 
suppresses the generation of pro-inflammatory 
mediators and stabilizes tissues 17. This is further 
highlighted by the substantial upregulation of IL-10 
by E-MTA. E-MTA could effectively decrease the risk 
of persistent inflammation by increasing IL-10 expres-
sion. On the other hand, the relatively lower expres-
sion of IL-10 by Ketac-E and S-apex indicated the 
limited inflammation-suppressing potential. It there-
fore may impact the overall clinical efficacy of 
these materials 18.

Differences in composition may explain why Ketac-E 
and S-apex performed less in upregulating TGF-β 
and IL-10 than E-MTA 19. Mineral trioxide aggregate 
present in E-MTA is known to be superior because of 
its biocompatibility and ability to release bioactive 
ions that interact with cellular pathways 20. Glass 
ionomer-based Ketac-E sealer and S-apex contain-
ing calcium hydroxide do not display the extensive 
bioactive ion release characteristic of E-MTA, and 
may therefore be limited in their ability to influence 
anti-inflammatory gene expression 21. The major 
determinant of the clinical effectiveness of 

endodontic sealers is their capacity to modulate the 
inflammatory process and favor tissue repair 22. 
Results also suggested that bioactive sealers like 
E-MTA could be utilized as a material having extend-
ed functionality beyond sealing capacity, providing 
features of intervening in cellular responses and 
improving treatment outcomes. In this study, the 
reliability of the experimental design and outcome 
was further validated with the optimized use of 
positive controls. These findings were also consistent 
across replicates and indicated the robustness of 
the study highlighting the potential clinical implica-
tions of these results. The ability of E-MTA to dramati-
cally upregulate TGF-β and IL-10 indicates its poten-
tial as a superior therapy which is tuned to inhibit 
post-treatment inflammation and enhance tissue 
regneration23.
 
Although the results are promising, some study 
limitations are worth noting. The in vitro design 
enables a control environment for experimentation 
but may not replicate the complex in vivo environ-
ment 24. The long-term effects on inflammation and 
tissue healing should be assessed, by validating 
them in animal models and clinical settings 25,26. 
Finally, the molecular mechanisms that underlie the 
bioactivity of E-MTA by modulating TGF-β and IL-10 
expression could be explored deeply. Overall, this 
study showed superior anti-inflammatory and bioac-
tive properties of E–MTA versus Ketac–E and S–apex, 
with its enhanced activity of TGFβ and IL10 upregu-
lation in hPDLSCs.
 
CONCLUSION
This study concluded that the endodontic sealers 
(commercial products) can affect the regulation of 
TGF-β and IL-10 in HPDLSCs: E-MTA is more bioactive 
and immunomodulatory than Ketac-E and S-apex. 
These studies imply that the using E-MTA might great-
ly improve patient benefits by accelerating the rate 
of tissue regeneration and decreasing inflammation 
in endodontic procedures. However, if these bene-
fits are to translate into practice, several issues must 
be considered, including; cost, accessibility, and 
familiarity of the practitioners. Other studies will be 
required to elucidate sealer bioactivity and 
biomarker-based assessments to tailor the materials 
of choice and enhance the effectiveness in the 
treatment of endodontic diseases.
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DISCUSSION
In this study, three commercially available 
endodontic sealers (E-MTA, Ketac-E, and S-apex) 
were evaluated for their anti-inflammatory potential 
These biomarkers are important for immune regula-
tion, inflammation modulation, and tissue repair, 
and this biomarker framework offers a crucial frame-
work for the bio-functional characterization of 
endodontic materials 12. These findings showed that 
E-MTA upregulated gene expression of TGF-β (3.12 
fold) and IL-10 (2.97 fold) compared to control, 
demonstrating superior anti-inflammatory and 
immunomodulatory properties. In comparison, 
Ketac-E showed moderate upregulation for TGF-β 
(1.7 fold) and IL-10 (1.8 fold) expression while S-apex 
demonstrated the least upregulation of 1.4-fold, 
and 1.7-fold for TGF-β and IL-10 respectively. These 
findings demonstrate the sealers' differential bioac-
tivity and emphasize potential E-MTA clinical 
regimens to promote a favorable healing environ-
ment during root canal therapy13.

TGF-β plays a double role in inflammation and tissue 
repair. It is a key regulating molecule that directs 
cellular response, inducing extracellular matrix 
deposition while suppressing inflammatory effects 
by activating immune cells and promoting tissue 
repair by modulating fibroblast activity14. E-MTA had 
significant upregulation of TGF-β suggesting that it 
can promote tissue healing processes with little 
inflammation, which is consistent with previous 
studies describing biocompatibility and bioactivity 
15. This property is of particular benefit in endodontic 
treatment, especially where a controlled inflamma-
tory response is essential for the resolution of periapi-
cal lesions, and regeneration of damaged tissue 16. 
IL-10 also causes a major type of inhibition that 
suppresses the generation of pro-inflammatory 
mediators and stabilizes tissues 17. This is further 
highlighted by the substantial upregulation of IL-10 
by E-MTA. E-MTA could effectively decrease the risk 
of persistent inflammation by increasing IL-10 expres-
sion. On the other hand, the relatively lower expres-
sion of IL-10 by Ketac-E and S-apex indicated the 
limited inflammation-suppressing potential. It there-
fore may impact the overall clinical efficacy of 
these materials 18.

Differences in composition may explain why Ketac-E 
and S-apex performed less in upregulating TGF-β 
and IL-10 than E-MTA 19. Mineral trioxide aggregate 
present in E-MTA is known to be superior because of 
its biocompatibility and ability to release bioactive 
ions that interact with cellular pathways 20. Glass 
ionomer-based Ketac-E sealer and S-apex contain-
ing calcium hydroxide do not display the extensive 
bioactive ion release characteristic of E-MTA, and 
may therefore be limited in their ability to influence 
anti-inflammatory gene expression 21. The major 
determinant of the clinical effectiveness of 

endodontic sealers is their capacity to modulate the 
inflammatory process and favor tissue repair 22. 
Results also suggested that bioactive sealers like 
E-MTA could be utilized as a material having extend-
ed functionality beyond sealing capacity, providing 
features of intervening in cellular responses and 
improving treatment outcomes. In this study, the 
reliability of the experimental design and outcome 
was further validated with the optimized use of 
positive controls. These findings were also consistent 
across replicates and indicated the robustness of 
the study highlighting the potential clinical implica-
tions of these results. The ability of E-MTA to dramati-
cally upregulate TGF-β and IL-10 indicates its poten-
tial as a superior therapy which is tuned to inhibit 
post-treatment inflammation and enhance tissue 
regneration23.
 
Although the results are promising, some study 
limitations are worth noting. The in vitro design 
enables a control environment for experimentation 
but may not replicate the complex in vivo environ-
ment 24. The long-term effects on inflammation and 
tissue healing should be assessed, by validating 
them in animal models and clinical settings 25,26. 
Finally, the molecular mechanisms that underlie the 
bioactivity of E-MTA by modulating TGF-β and IL-10 
expression could be explored deeply. Overall, this 
study showed superior anti-inflammatory and bioac-
tive properties of E–MTA versus Ketac–E and S–apex, 
with its enhanced activity of TGFβ and IL10 upregu-
lation in hPDLSCs.
 
CONCLUSION
This study concluded that the endodontic sealers 
(commercial products) can affect the regulation of 
TGF-β and IL-10 in HPDLSCs: E-MTA is more bioactive 
and immunomodulatory than Ketac-E and S-apex. 
These studies imply that the using E-MTA might great-
ly improve patient benefits by accelerating the rate 
of tissue regeneration and decreasing inflammation 
in endodontic procedures. However, if these bene-
fits are to translate into practice, several issues must 
be considered, including; cost, accessibility, and 
familiarity of the practitioners. Other studies will be 
required to elucidate sealer bioactivity and 
biomarker-based assessments to tailor the materials 
of choice and enhance the effectiveness in the 
treatment of endodontic diseases.
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DISCUSSION
The meta-analysis reviewed a practical look at 
efficacy, safety, and recovery profiles of two mostly 
carried inguinal hernia repair methods that are TAPP 
(Transabdominal Preperitoneal Laparoscopic 
Approach) and Lichtenstein open repair procedure. 
The first ever laparoscopic hernia repair operation 
was performed by Dr. Ralph Ger in 1982 and trans-
abdominal preperitoneal (TAPP) hernia repair was 
first described in 199213. Surgeons' experience is vital 
in reducing surgery times and complication rates 
with both techniques being viable options depend-
ing on the operating surgeon's choice, expertise, 
and patient’s clinical profile14. The adoption of lapa-
roscopic techniques varies worldwide, with factors 
like cost, learning curve, and regional surgical prac-
tices influencing individual preferences15.

The data from nine different comparative studies 
carried out across different countries and variable 
periods to compare outcomes like procedure dura-
tion, hematoma, seroma, infection rates, acute 
postoperative pain levels, and return to work time 
period was analyzed. Early mobilization and 
minimum postoperative restrictions reflect a major 
role in facilitating robust recovery, thus aligning with 
findings that TAPP patients return to normal routine 
activities significantly faster than those undergoing 
traditional open repair16.

A laparoscopic surgical approach is technically 
more difficult, is a time-consuming procedure, 
requires advanced skills and in addition, intra-perito-
neal situations like adhesions, can cause further 
delays in carrying out TAPP procedures17. The 
meta-analysis of nine studies reveals that the TAPP 
laparoscopic procedure generally takes longer time 
duration than the Lichtenstein open repair tech-
nique. The duration for the TAPP procedure ranges 
from 46.3 to 96.12 minutes, whereas Lichtenstein 
repair ranges from 27.8 to 54.2 minutes. TAPP laparo-
scopic repair technique has got a steeper learning 
curve when compared to open Lichtenstein repair, 
the surgery duration can be prolonged initially but 
with advanced skills and a better understanding of 
the inguinal region anatomy, it can be shortened 
significantly14. Despite the longer surgery period in 
the laparoscopic group, the benefits of the TAPP 
procedure in terms of post-operative recovery 
outcomes can surely justify this increased time 
period18.

Acute pain post-operative inguinal hernia repair 
can be related to wound tissue healing, femoral 
nerve injury, and the patient’s hypersensitivity 
response to mesh that acts as a foreign body, or 
complications from mesh19. An important finding of 
the meta-analysis is the lessened acute post-opera-
tive pain with laparoscopic TAPP repair, the mean 
pain score for TAPP repair (5.66) is significantly lower 

when compared to the Lichtenstein open repair 
technique (8.53). Patients undergoing TAPP laparo-
scopic repair suffer less discomfort/pain immediate-
ly following operation, which can elevate the overall 
patient satisfaction score and the need for post-sur-
gery analgesics is reduced. 

The average complication rate for post-operative 
inguinal hernia repair is 3 to 8 percent, depending 
upon the clinical circumstances whether elective or 
emergency repair was performed, surgical 
approach whether open or laparoscopic and the 
site/type of the hernia20. In a study by Trehan postop-
erative complications during TAPP included scrotal 
edema incidence 11%, seroma formation 7%, and 
surgical site infection at 7%21. It showed a mean 
hospital stay of 41.56 hours for TAPP and in the analy-
sis mean hospital stay for TAPP patients was 3.2 ± 1.3 
days, with most discharged within 48–72 hours, 
hence showed similar trends of short hospital stays 
with TAPP, though slightly longer overall durations. 
The study by Thanh Xuan reported minimal compli-
cations with the TAPP technique, included only a 
3.2% rate of sensory disorders, and revealed that 
96.8% of cases were categorized as "very good" 
during the follow-up period22. 

The interventional study by Bansod conducted on 
50 patients found that TAPP repair resulted in 
minimal complications, including scrotal emphyse-
ma only 2% and port site infections 2%23. The 
meta-analysis shows that TAPP laparoscopic repair 
has a low overall complication incidence as com-
pared to Lichtenstein repair, with an Odds Ratio of 
0.461. Fewer complications are associated with 
TAPP repair, including hematoma, seroma, and 
post-operative wound infections. As with other 
studies, genital or scrotal numbness was also less 
common after the TAPP procedure and the reason 
was intra-operative genito-femoral or ilioinguinal 
nerve injury in the course of the open approach24. In 
the analysis the incidence of seroma formation was 
low in the TAPP group (mean 2.49%) as compared to 
Lichtenstein (mean 4.20%), thus indicating it a more 
favorable approach. Considering hematoma the 
rates were comparable between Lichtenstein 
(mean 2.55%) and TAPP group (mean 2.48%). The 
variation in TAPP laparoscopic group rates enhanc-
es the need for adopting careful surgical technique, 
surgical skills, and careful patient selection. TAPP has 
proven to be a minimally invasive technique in 
reducing post-operative infection risks in the 
meta-analysis due to its lower infection rate of 0% as 
compared to the Lichtenstein group 3.09% to 5.5%.

In the meta-analysis, TAPP repair demonstrated low 
postoperative pain and reduced complications 
which aligns with the findings of Touzi25. who also 
reported faster recovery and reduced pain VAS 
scores, however, contrary to their findings of 

prolonged operative times for laparoscopic repair, 
the results indicate no significant difference in oper-
ative duration which reflects advancements in surgi-
cal expertise and standardization of technique. A 
study by Ghimire also reported lower complications 
with TAPP (10%) when compared to Lichtenstein 
(25%), including fewer hematomas and infections26.
International Guidelines for Groin Hernia Manage-
ment emphasized that post-operatively patients 
should be encouraged to return to their routine 
activities sooner27. There is no evidence which 
emphasizes restrictive recommendations post ingui-
nal hernia surgery27. There was even no association 
between early return to work with higher rates of 
hernia recurrences27. The average return to routine 
work in the analysis for TAPP group patients ranged 
from 8 to 12 days, compared to 15 to 21 days for 
Lichtenstein patients. Early return is beneficial for 
patients in reducing the overall impact on their work 
and daily life. A study by Jamil reported a faster 
return to work for TAPP patients in 10.47 ± 3.59 days 
versus Lichtenstein patients took 13.20 ± 4.75 days, 
hence reinforcing the recovery benefits of TAPP 
already highlighted in the meta-analysis28.

A systematic review conducted by Usmani reported 
that TAPP was found superior to open repair in terms 
of duration of postoperative hospital stay, pain 
scores on the VAS scale on postoperative days 1 
and 7, and complications, whereas Open repair 
appeared superior only in terms of operative time29.
Meta-analysis by Chávez Peón Pérez30 evaluated 
inguinal hernia repair with TAPP versus Lichtenstein 
techniques and suggested that the laparoscopic 
approach resulted in reduced complications relat-
ed to infection and chronic pain however the 
meta-analysis provided a more comprehensive 
comparison by including parameters such as opera-
tive time, return to work, and complications like 
hematoma and seroma rates, hence offered a 
broader evaluation. A study by Nair31 reported fewer 
infection rates in the TAPP group, thus suggesting 
that laparoscopic techniques had better infection 
control due to minimal invasiveness. Similarly, the 
analysis showed TAPP's procedure infection rates 
i.e., 0% in most studies vs. 3.09% to 5.5% for Lichten-
stein.

A meta-analysis by Lillo-Albert32 also reported that 
chronic inguinal pain was significantly lessened in 
laparo-endoscopic repair techniques compared to 
Lichtenstein repair. Wu33 observed in his meta-analy-
sis that pain scores were consistently lower for TAPP 
on postoperative days 1, 7, and beyond and thus 
underscores the sustained pain reduction advan-
tages of TAPP over Lichtenstein repair.

The results of a study by Shankar Gururaj Kollam-
pare34 also align with the observations of the analysis 
by demonstrating that TAPP repair was associated 

with significantly reduced postoperative pain VAS 
scores, faster mobilization on POD1 for TAPP vs. 
POD2/3 for Lichtenstein, and earlier return to work 
that is POD5 for TAPP vs. POD10–15 for Lichtenstein. 
The retrospective study by Salibašić35 reported that 
patients undergoing TAPP had shorter hospital stays 
and better recovery as compared to those treated 
with the Lichtenstein technique and these findings 
aligned with the study's observation that the TAPP 
Laparoscopic approach was associated with better 
recovery metrics. In another study by Mehmood36, 
an important key benefit was observed in TAPP 
repair which was its ability to detect and repair 
contralateral hernias during the same procedure, 
which was not possible with the open repairs and it 
highlighted the advantage of the laparoscopic 
technique, particularly in cases of bilateral inguinal 
hernias or asymptomatic contralateral defects.

Zargar´s study also supports the meta-analysis 
findings on superiority of TAPP over open repair, 
including reduced complication rates, quicker 
recovery period, and reduced pain37. However, it 
also provides insights into bilateral hernia repair and 
cost considerations which were not deeply viewed 
in the analysis. Rather38 in his study highlighted supe-
rior cosmetic outcomes for TAPP repair due to small 
port-site scars of 0.5–2 cm as compared to larger 
scars of 6–8 cm associated with the Lichtenstein 
technique.

Although the TAPP technique seems fruitful in terms 
of cost-effectiveness due to lower complication 
rates and faster recovery, despite the high costs 
associated with laparoscopic equipment and 
specialized laparoscopic skills training. The study by 
Hidalgo39 reported higher operative time and hospi-
tal stay expenditure with TAPP however its capability 
to access both inguinal regions and reduce 
long-term complications may justify its use in com-
plex cases. But still, in resource-limited settings like in 
Pakistan where advanced surgical laparoscopic 
facilities are not freely available, Lichtenstein repair 
is a simpler and preferred option. Assakran40 report-
ed that the overall cost of hernia procedure was 
significantly affected by the choice of surgical tech-
nique applied and the presence of comorbidities, 
with laparoscopic approaches generally associat-
ed with higher initial costs but improved long-term 
outcomes.

Further studies should be carried out to find out 
long-term post-operative outcomes, such as hernia 
recurrence rate and patients' quality of life, in order 
to evaluate a more comprehensive analysis of these 
surgical techniques.

CONCLUSION
Our meta-analysis revealed that TAPP repair offers 
significant advantages over Lichtenstein for having 

lower postoperative pain scores, reduced compli-
cation rates, and faster return to work and daily 
activities. However, the TAPP technique is associat-
ed with prolonged operative duration and requires 
advanced surgical expertise and facilities, which 
may limit its widespread application, particularly in 
resource-limited settings.

LIST OF ABBREVIATIONS
TAPP: Transabdominal Preperitoneal
RCTs: Randomised Controlled Trials
CI: Confidence Interval
SMD: Standardised Mean Difference
VAS: Visual Analogue Scale
LIHR: Laparoscopic Inguinal Hernia Repair
OIHR: Open Inguinal Hernia Repair
OR: Odds Ratio
TEP: Total Extraperitoneal
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DISCUSSION
In this study, three commercially available 
endodontic sealers (E-MTA, Ketac-E, and S-apex) 
were evaluated for their anti-inflammatory potential 
These biomarkers are important for immune regula-
tion, inflammation modulation, and tissue repair, 
and this biomarker framework offers a crucial frame-
work for the bio-functional characterization of 
endodontic materials 12. These findings showed that 
E-MTA upregulated gene expression of TGF-β (3.12 
fold) and IL-10 (2.97 fold) compared to control, 
demonstrating superior anti-inflammatory and 
immunomodulatory properties. In comparison, 
Ketac-E showed moderate upregulation for TGF-β 
(1.7 fold) and IL-10 (1.8 fold) expression while S-apex 
demonstrated the least upregulation of 1.4-fold, 
and 1.7-fold for TGF-β and IL-10 respectively. These 
findings demonstrate the sealers' differential bioac-
tivity and emphasize potential E-MTA clinical 
regimens to promote a favorable healing environ-
ment during root canal therapy13.

TGF-β plays a double role in inflammation and tissue 
repair. It is a key regulating molecule that directs 
cellular response, inducing extracellular matrix 
deposition while suppressing inflammatory effects 
by activating immune cells and promoting tissue 
repair by modulating fibroblast activity14. E-MTA had 
significant upregulation of TGF-β suggesting that it 
can promote tissue healing processes with little 
inflammation, which is consistent with previous 
studies describing biocompatibility and bioactivity 
15. This property is of particular benefit in endodontic 
treatment, especially where a controlled inflamma-
tory response is essential for the resolution of periapi-
cal lesions, and regeneration of damaged tissue 16. 
IL-10 also causes a major type of inhibition that 
suppresses the generation of pro-inflammatory 
mediators and stabilizes tissues 17. This is further 
highlighted by the substantial upregulation of IL-10 
by E-MTA. E-MTA could effectively decrease the risk 
of persistent inflammation by increasing IL-10 expres-
sion. On the other hand, the relatively lower expres-
sion of IL-10 by Ketac-E and S-apex indicated the 
limited inflammation-suppressing potential. It there-
fore may impact the overall clinical efficacy of 
these materials 18.

Differences in composition may explain why Ketac-E 
and S-apex performed less in upregulating TGF-β 
and IL-10 than E-MTA 19. Mineral trioxide aggregate 
present in E-MTA is known to be superior because of 
its biocompatibility and ability to release bioactive 
ions that interact with cellular pathways 20. Glass 
ionomer-based Ketac-E sealer and S-apex contain-
ing calcium hydroxide do not display the extensive 
bioactive ion release characteristic of E-MTA, and 
may therefore be limited in their ability to influence 
anti-inflammatory gene expression 21. The major 
determinant of the clinical effectiveness of 

endodontic sealers is their capacity to modulate the 
inflammatory process and favor tissue repair 22. 
Results also suggested that bioactive sealers like 
E-MTA could be utilized as a material having extend-
ed functionality beyond sealing capacity, providing 
features of intervening in cellular responses and 
improving treatment outcomes. In this study, the 
reliability of the experimental design and outcome 
was further validated with the optimized use of 
positive controls. These findings were also consistent 
across replicates and indicated the robustness of 
the study highlighting the potential clinical implica-
tions of these results. The ability of E-MTA to dramati-
cally upregulate TGF-β and IL-10 indicates its poten-
tial as a superior therapy which is tuned to inhibit 
post-treatment inflammation and enhance tissue 
regneration23.
 
Although the results are promising, some study 
limitations are worth noting. The in vitro design 
enables a control environment for experimentation 
but may not replicate the complex in vivo environ-
ment 24. The long-term effects on inflammation and 
tissue healing should be assessed, by validating 
them in animal models and clinical settings 25,26. 
Finally, the molecular mechanisms that underlie the 
bioactivity of E-MTA by modulating TGF-β and IL-10 
expression could be explored deeply. Overall, this 
study showed superior anti-inflammatory and bioac-
tive properties of E–MTA versus Ketac–E and S–apex, 
with its enhanced activity of TGFβ and IL10 upregu-
lation in hPDLSCs.
 
CONCLUSION
This study concluded that the endodontic sealers 
(commercial products) can affect the regulation of 
TGF-β and IL-10 in HPDLSCs: E-MTA is more bioactive 
and immunomodulatory than Ketac-E and S-apex. 
These studies imply that the using E-MTA might great-
ly improve patient benefits by accelerating the rate 
of tissue regeneration and decreasing inflammation 
in endodontic procedures. However, if these bene-
fits are to translate into practice, several issues must 
be considered, including; cost, accessibility, and 
familiarity of the practitioners. Other studies will be 
required to elucidate sealer bioactivity and 
biomarker-based assessments to tailor the materials 
of choice and enhance the effectiveness in the 
treatment of endodontic diseases.
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DISCUSSION
The meta-analysis reviewed a practical look at 
efficacy, safety, and recovery profiles of two mostly 
carried inguinal hernia repair methods that are TAPP 
(Transabdominal Preperitoneal Laparoscopic 
Approach) and Lichtenstein open repair procedure. 
The first ever laparoscopic hernia repair operation 
was performed by Dr. Ralph Ger in 1982 and trans-
abdominal preperitoneal (TAPP) hernia repair was 
first described in 199213. Surgeons' experience is vital 
in reducing surgery times and complication rates 
with both techniques being viable options depend-
ing on the operating surgeon's choice, expertise, 
and patient’s clinical profile14. The adoption of lapa-
roscopic techniques varies worldwide, with factors 
like cost, learning curve, and regional surgical prac-
tices influencing individual preferences15.

The data from nine different comparative studies 
carried out across different countries and variable 
periods to compare outcomes like procedure dura-
tion, hematoma, seroma, infection rates, acute 
postoperative pain levels, and return to work time 
period was analyzed. Early mobilization and 
minimum postoperative restrictions reflect a major 
role in facilitating robust recovery, thus aligning with 
findings that TAPP patients return to normal routine 
activities significantly faster than those undergoing 
traditional open repair16.

A laparoscopic surgical approach is technically 
more difficult, is a time-consuming procedure, 
requires advanced skills and in addition, intra-perito-
neal situations like adhesions, can cause further 
delays in carrying out TAPP procedures17. The 
meta-analysis of nine studies reveals that the TAPP 
laparoscopic procedure generally takes longer time 
duration than the Lichtenstein open repair tech-
nique. The duration for the TAPP procedure ranges 
from 46.3 to 96.12 minutes, whereas Lichtenstein 
repair ranges from 27.8 to 54.2 minutes. TAPP laparo-
scopic repair technique has got a steeper learning 
curve when compared to open Lichtenstein repair, 
the surgery duration can be prolonged initially but 
with advanced skills and a better understanding of 
the inguinal region anatomy, it can be shortened 
significantly14. Despite the longer surgery period in 
the laparoscopic group, the benefits of the TAPP 
procedure in terms of post-operative recovery 
outcomes can surely justify this increased time 
period18.

Acute pain post-operative inguinal hernia repair 
can be related to wound tissue healing, femoral 
nerve injury, and the patient’s hypersensitivity 
response to mesh that acts as a foreign body, or 
complications from mesh19. An important finding of 
the meta-analysis is the lessened acute post-opera-
tive pain with laparoscopic TAPP repair, the mean 
pain score for TAPP repair (5.66) is significantly lower 

when compared to the Lichtenstein open repair 
technique (8.53). Patients undergoing TAPP laparo-
scopic repair suffer less discomfort/pain immediate-
ly following operation, which can elevate the overall 
patient satisfaction score and the need for post-sur-
gery analgesics is reduced. 

The average complication rate for post-operative 
inguinal hernia repair is 3 to 8 percent, depending 
upon the clinical circumstances whether elective or 
emergency repair was performed, surgical 
approach whether open or laparoscopic and the 
site/type of the hernia20. In a study by Trehan postop-
erative complications during TAPP included scrotal 
edema incidence 11%, seroma formation 7%, and 
surgical site infection at 7%21. It showed a mean 
hospital stay of 41.56 hours for TAPP and in the analy-
sis mean hospital stay for TAPP patients was 3.2 ± 1.3 
days, with most discharged within 48–72 hours, 
hence showed similar trends of short hospital stays 
with TAPP, though slightly longer overall durations. 
The study by Thanh Xuan reported minimal compli-
cations with the TAPP technique, included only a 
3.2% rate of sensory disorders, and revealed that 
96.8% of cases were categorized as "very good" 
during the follow-up period22. 

The interventional study by Bansod conducted on 
50 patients found that TAPP repair resulted in 
minimal complications, including scrotal emphyse-
ma only 2% and port site infections 2%23. The 
meta-analysis shows that TAPP laparoscopic repair 
has a low overall complication incidence as com-
pared to Lichtenstein repair, with an Odds Ratio of 
0.461. Fewer complications are associated with 
TAPP repair, including hematoma, seroma, and 
post-operative wound infections. As with other 
studies, genital or scrotal numbness was also less 
common after the TAPP procedure and the reason 
was intra-operative genito-femoral or ilioinguinal 
nerve injury in the course of the open approach24. In 
the analysis the incidence of seroma formation was 
low in the TAPP group (mean 2.49%) as compared to 
Lichtenstein (mean 4.20%), thus indicating it a more 
favorable approach. Considering hematoma the 
rates were comparable between Lichtenstein 
(mean 2.55%) and TAPP group (mean 2.48%). The 
variation in TAPP laparoscopic group rates enhanc-
es the need for adopting careful surgical technique, 
surgical skills, and careful patient selection. TAPP has 
proven to be a minimally invasive technique in 
reducing post-operative infection risks in the 
meta-analysis due to its lower infection rate of 0% as 
compared to the Lichtenstein group 3.09% to 5.5%.

In the meta-analysis, TAPP repair demonstrated low 
postoperative pain and reduced complications 
which aligns with the findings of Touzi25. who also 
reported faster recovery and reduced pain VAS 
scores, however, contrary to their findings of 

prolonged operative times for laparoscopic repair, 
the results indicate no significant difference in oper-
ative duration which reflects advancements in surgi-
cal expertise and standardization of technique. A 
study by Ghimire also reported lower complications 
with TAPP (10%) when compared to Lichtenstein 
(25%), including fewer hematomas and infections26.
International Guidelines for Groin Hernia Manage-
ment emphasized that post-operatively patients 
should be encouraged to return to their routine 
activities sooner27. There is no evidence which 
emphasizes restrictive recommendations post ingui-
nal hernia surgery27. There was even no association 
between early return to work with higher rates of 
hernia recurrences27. The average return to routine 
work in the analysis for TAPP group patients ranged 
from 8 to 12 days, compared to 15 to 21 days for 
Lichtenstein patients. Early return is beneficial for 
patients in reducing the overall impact on their work 
and daily life. A study by Jamil reported a faster 
return to work for TAPP patients in 10.47 ± 3.59 days 
versus Lichtenstein patients took 13.20 ± 4.75 days, 
hence reinforcing the recovery benefits of TAPP 
already highlighted in the meta-analysis28.

A systematic review conducted by Usmani reported 
that TAPP was found superior to open repair in terms 
of duration of postoperative hospital stay, pain 
scores on the VAS scale on postoperative days 1 
and 7, and complications, whereas Open repair 
appeared superior only in terms of operative time29.
Meta-analysis by Chávez Peón Pérez30 evaluated 
inguinal hernia repair with TAPP versus Lichtenstein 
techniques and suggested that the laparoscopic 
approach resulted in reduced complications relat-
ed to infection and chronic pain however the 
meta-analysis provided a more comprehensive 
comparison by including parameters such as opera-
tive time, return to work, and complications like 
hematoma and seroma rates, hence offered a 
broader evaluation. A study by Nair31 reported fewer 
infection rates in the TAPP group, thus suggesting 
that laparoscopic techniques had better infection 
control due to minimal invasiveness. Similarly, the 
analysis showed TAPP's procedure infection rates 
i.e., 0% in most studies vs. 3.09% to 5.5% for Lichten-
stein.

A meta-analysis by Lillo-Albert32 also reported that 
chronic inguinal pain was significantly lessened in 
laparo-endoscopic repair techniques compared to 
Lichtenstein repair. Wu33 observed in his meta-analy-
sis that pain scores were consistently lower for TAPP 
on postoperative days 1, 7, and beyond and thus 
underscores the sustained pain reduction advan-
tages of TAPP over Lichtenstein repair.

The results of a study by Shankar Gururaj Kollam-
pare34 also align with the observations of the analysis 
by demonstrating that TAPP repair was associated 

with significantly reduced postoperative pain VAS 
scores, faster mobilization on POD1 for TAPP vs. 
POD2/3 for Lichtenstein, and earlier return to work 
that is POD5 for TAPP vs. POD10–15 for Lichtenstein. 
The retrospective study by Salibašić35 reported that 
patients undergoing TAPP had shorter hospital stays 
and better recovery as compared to those treated 
with the Lichtenstein technique and these findings 
aligned with the study's observation that the TAPP 
Laparoscopic approach was associated with better 
recovery metrics. In another study by Mehmood36, 
an important key benefit was observed in TAPP 
repair which was its ability to detect and repair 
contralateral hernias during the same procedure, 
which was not possible with the open repairs and it 
highlighted the advantage of the laparoscopic 
technique, particularly in cases of bilateral inguinal 
hernias or asymptomatic contralateral defects.

Zargar´s study also supports the meta-analysis 
findings on superiority of TAPP over open repair, 
including reduced complication rates, quicker 
recovery period, and reduced pain37. However, it 
also provides insights into bilateral hernia repair and 
cost considerations which were not deeply viewed 
in the analysis. Rather38 in his study highlighted supe-
rior cosmetic outcomes for TAPP repair due to small 
port-site scars of 0.5–2 cm as compared to larger 
scars of 6–8 cm associated with the Lichtenstein 
technique.

Although the TAPP technique seems fruitful in terms 
of cost-effectiveness due to lower complication 
rates and faster recovery, despite the high costs 
associated with laparoscopic equipment and 
specialized laparoscopic skills training. The study by 
Hidalgo39 reported higher operative time and hospi-
tal stay expenditure with TAPP however its capability 
to access both inguinal regions and reduce 
long-term complications may justify its use in com-
plex cases. But still, in resource-limited settings like in 
Pakistan where advanced surgical laparoscopic 
facilities are not freely available, Lichtenstein repair 
is a simpler and preferred option. Assakran40 report-
ed that the overall cost of hernia procedure was 
significantly affected by the choice of surgical tech-
nique applied and the presence of comorbidities, 
with laparoscopic approaches generally associat-
ed with higher initial costs but improved long-term 
outcomes.

Further studies should be carried out to find out 
long-term post-operative outcomes, such as hernia 
recurrence rate and patients' quality of life, in order 
to evaluate a more comprehensive analysis of these 
surgical techniques.

CONCLUSION
Our meta-analysis revealed that TAPP repair offers 
significant advantages over Lichtenstein for having 

lower postoperative pain scores, reduced compli-
cation rates, and faster return to work and daily 
activities. However, the TAPP technique is associat-
ed with prolonged operative duration and requires 
advanced surgical expertise and facilities, which 
may limit its widespread application, particularly in 
resource-limited settings.

LIST OF ABBREVIATIONS
TAPP: Transabdominal Preperitoneal
RCTs: Randomised Controlled Trials
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LIHR: Laparoscopic Inguinal Hernia Repair
OIHR: Open Inguinal Hernia Repair
OR: Odds Ratio
TEP: Total Extraperitoneal
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DISCUSSION
In this study, three commercially available 
endodontic sealers (E-MTA, Ketac-E, and S-apex) 
were evaluated for their anti-inflammatory potential 
These biomarkers are important for immune regula-
tion, inflammation modulation, and tissue repair, 
and this biomarker framework offers a crucial frame-
work for the bio-functional characterization of 
endodontic materials 12. These findings showed that 
E-MTA upregulated gene expression of TGF-β (3.12 
fold) and IL-10 (2.97 fold) compared to control, 
demonstrating superior anti-inflammatory and 
immunomodulatory properties. In comparison, 
Ketac-E showed moderate upregulation for TGF-β 
(1.7 fold) and IL-10 (1.8 fold) expression while S-apex 
demonstrated the least upregulation of 1.4-fold, 
and 1.7-fold for TGF-β and IL-10 respectively. These 
findings demonstrate the sealers' differential bioac-
tivity and emphasize potential E-MTA clinical 
regimens to promote a favorable healing environ-
ment during root canal therapy13.

TGF-β plays a double role in inflammation and tissue 
repair. It is a key regulating molecule that directs 
cellular response, inducing extracellular matrix 
deposition while suppressing inflammatory effects 
by activating immune cells and promoting tissue 
repair by modulating fibroblast activity14. E-MTA had 
significant upregulation of TGF-β suggesting that it 
can promote tissue healing processes with little 
inflammation, which is consistent with previous 
studies describing biocompatibility and bioactivity 
15. This property is of particular benefit in endodontic 
treatment, especially where a controlled inflamma-
tory response is essential for the resolution of periapi-
cal lesions, and regeneration of damaged tissue 16. 
IL-10 also causes a major type of inhibition that 
suppresses the generation of pro-inflammatory 
mediators and stabilizes tissues 17. This is further 
highlighted by the substantial upregulation of IL-10 
by E-MTA. E-MTA could effectively decrease the risk 
of persistent inflammation by increasing IL-10 expres-
sion. On the other hand, the relatively lower expres-
sion of IL-10 by Ketac-E and S-apex indicated the 
limited inflammation-suppressing potential. It there-
fore may impact the overall clinical efficacy of 
these materials 18.

Differences in composition may explain why Ketac-E 
and S-apex performed less in upregulating TGF-β 
and IL-10 than E-MTA 19. Mineral trioxide aggregate 
present in E-MTA is known to be superior because of 
its biocompatibility and ability to release bioactive 
ions that interact with cellular pathways 20. Glass 
ionomer-based Ketac-E sealer and S-apex contain-
ing calcium hydroxide do not display the extensive 
bioactive ion release characteristic of E-MTA, and 
may therefore be limited in their ability to influence 
anti-inflammatory gene expression 21. The major 
determinant of the clinical effectiveness of 

endodontic sealers is their capacity to modulate the 
inflammatory process and favor tissue repair 22. 
Results also suggested that bioactive sealers like 
E-MTA could be utilized as a material having extend-
ed functionality beyond sealing capacity, providing 
features of intervening in cellular responses and 
improving treatment outcomes. In this study, the 
reliability of the experimental design and outcome 
was further validated with the optimized use of 
positive controls. These findings were also consistent 
across replicates and indicated the robustness of 
the study highlighting the potential clinical implica-
tions of these results. The ability of E-MTA to dramati-
cally upregulate TGF-β and IL-10 indicates its poten-
tial as a superior therapy which is tuned to inhibit 
post-treatment inflammation and enhance tissue 
regneration23.
 
Although the results are promising, some study 
limitations are worth noting. The in vitro design 
enables a control environment for experimentation 
but may not replicate the complex in vivo environ-
ment 24. The long-term effects on inflammation and 
tissue healing should be assessed, by validating 
them in animal models and clinical settings 25,26. 
Finally, the molecular mechanisms that underlie the 
bioactivity of E-MTA by modulating TGF-β and IL-10 
expression could be explored deeply. Overall, this 
study showed superior anti-inflammatory and bioac-
tive properties of E–MTA versus Ketac–E and S–apex, 
with its enhanced activity of TGFβ and IL10 upregu-
lation in hPDLSCs.
 
CONCLUSION
This study concluded that the endodontic sealers 
(commercial products) can affect the regulation of 
TGF-β and IL-10 in HPDLSCs: E-MTA is more bioactive 
and immunomodulatory than Ketac-E and S-apex. 
These studies imply that the using E-MTA might great-
ly improve patient benefits by accelerating the rate 
of tissue regeneration and decreasing inflammation 
in endodontic procedures. However, if these bene-
fits are to translate into practice, several issues must 
be considered, including; cost, accessibility, and 
familiarity of the practitioners. Other studies will be 
required to elucidate sealer bioactivity and 
biomarker-based assessments to tailor the materials 
of choice and enhance the effectiveness in the 
treatment of endodontic diseases.
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